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Abstract: Global symmetry can guarantee the stability of dark matter particles (DMPs).
However, nonminimal coupling between dark matter (DM) and gravity can destroy the
global symmetry of DMPs, which in turn leads to their decay. Under the framework of
nonminimal coupling between scalar singlet dark matter (ssDM) and gravity, it is worth
exploring to what extent the symmetry of ssDM is broken. It is suggested that the total
amount of decay products of ssDM cannot exceed current observational constraints. Along
these lines, the data obtained with satellites such as Fermi-LAT and AMS-02 can limit
the strength of the global symmetry breaking of ssDM. Since the mass of the ssDM may
be in the GeV–TeV range, we determine a reasonable parameter range for the coupling
strength between ssDM and gravity in this range. We find that when the mass of the ssDM
is around the electroweak scale (246 GeV), and we can exclude values of the nonminimal
coupling parameter ξ greater than 1.5 × 10−10. We also show that the larger the mass of
the ssDM, the stronger this restriction. Our results give the strongest constraints to date
of the possible coupling strength under current satellite observations.
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1 Introduction
Observations of the rotation curves of galaxies, the Bullet Cluster, gravitationally lensed
galaxy clusters, type Ia supernovae, baryonic acoustic oscillations and anisotropies in the
cosmic microwave background have all implied the existence of dark matter (DM) [1].
The Standard Model of particle physics describes electromagnetism, as well as the weak
and strong nuclear forces successfully [2], however it does not currently accommodate the
existence of any dark matter particles (DMPs).
Among the various properties of DMPs, we are concerned with their stability, because if
DMPs are unstable, we could observe their decay products with satellites [3]. The stability
of electrons is guaranteed by electric charge conservation, while the stability of neutrinos is
guaranteed by Lorentz symmetry. Similarly, current observations have suggested that DM
is stable and may be composed of particles. It is usually assumed that DMPs have global
symmetry in Minkowski space-time, such as the hypothetical Z2 symmetry [4] [5]. But every
particle is subject to gravitational interactions. In reality, there is no Minkowski space-time,
and gravity does not necessarily couple to DM minimally. In the minimal coupling regime,
matter distribution decides the distribution of gravitons, and gravitons and matter do
not transform each other. However, if gravitons couples to DM nonminimally, the global
symmetry of DMPs can be broken [6] [7]. Consequently the stability of DMPs is no longer
preserved under the influence of gravity [8] [9] [10] [11], implying that DMPs could decay
via nonminimal coupling due to gravity.
Catà et al. [12] [19] give such models of scalar singlet dark matter (ssDM), inert doublet
DM and fermionic DM with global symmetry breaking induced by nonminimal coupling
to gravity. There were also other attempts to study nonminimal coupling regime. For
example, the Higgs field may have nonminimal coupling with gravity in Higgs inflation [13].
If the mass of the dark matter particle (DMP) is less than 270 MeV, such a particle could
concurrently acting as an inflaton [14]. There are also nonminimal coupling models of DM
and gravity where the global symmetry is not destroyed by gravity [15] [16]. As both an
inflaton and DMP, the nonminimal coupling between a complex scalar field and gravity has
also been used to explain the electroweak phase transition [17] [18].
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Many observations and experiments could set limits on the strength of global symme-
try breaking of DMPs. Currently, there are many types of experiments and observational
methods being used to search for DMPs. Direct detection methods rely on monitoring nu-
cleon recoil induced by interactions with DMPs distributed around the Earth [20]. Indirect
detection methods search for photons, neutrinos and/or cosmic rays produced by DMPs
using satellites and Earth-based instrumentation [21]. The Large Hadron Collider (LHC)
also serves as complementary experiment in the search for DM. Cosmological studies have
also provided constraints on DM. If nonminimal coupling to gravity breaks the global sym-
metry of DMPs, DM would be unstable, and it would consequently decay into observable
particles such as cosmic rays [22], neutrinos [23] or cosmic gamma-rays [24]. So while no
conclusive particle signal has yet been attributed to DM [25], current observations can still
be used to set limits on the stability of DMP.
Using chiral perturbation theory, Catà et al. [26] provided the allowed parameter space
of light ssDM particles less massive than 1 GeV, in which the decay products have a sharp
photon spectrum. These authors obtained the strongest restriction to date using Fermi-LAT
gamma-ray observations. However, the mass range of weakly interacting massive particles
(WIMP) and super WIMPs proposed based on the gauge hierarchy problem as well as
hidden DM based on the gauge hierarchy problem and new flavour physics is expected to
be GeV–TeV [27]. And, if the mass of the DMP is in the GeV–TeV range, more decay
channels will be opened and the decay properties of DMPs will be quite diverse. Assuming
that the lifetime of DMPs are longer than the age of the universe and using observation data
from neutrino telescopes, Catà et al. [12] [19] provided rough restrictions of the nonminimal
coupling coefficient between the ssDM, the inert doublet DM, the fermionic DM and the
gravitons around the GeV–TeV range.
In case of DM decay, constraints obtained via indirect-detection methods play an im-
portant role. As indirect-detection methods, satellites such as Fermi-LAT [28], Alpha Mag-
netic Spectrometer (AMS) [29] and Dark Matter Particle Explorer (DAMPE) [30] have the
ability to obtain sensitive observations of high-energy photons and cosmic rays. However,
DAMPE is unable to distinguish between positrons and electrons, thus in this current work
we only consider positron data obtained by AMS-02 [29] and photon data obtained by
Fermi-LAT [28] to yield the strongest indirect restrictions of the GeV–TeV range to date.
According to the work of Catà et al. [19], the action is constructed in Jordan frame.
When using a Feynman diagram to calculate the specific decay channel, one can choose
to calculate it in either Jordan frame or Einstein frame. For example, Ren et al. [31]
used quantum field theory method to calculate Higgs inflation both in Jordan frame and
Einstein frame. They obtained the same result using both, which reflects the equivalence
of the Jordan frame and the Einstein frame in these scenarios. Then, in Einstein frame,
we calculate the spectra of photons and positrons arising from the decay of ssDM particles
in the GeV–TeV range where WIMPs, super WIMPs and hidden DM mass may likely
be. Finally, we obtain constraints on nonminimal coupling constant ξ, which reflects the
strength of the global symmetry breaking of ssDM particles by comparing our theoretical
spectra to observations made by Fermi-LAT and AMS-02.
The structure of this paper is as follows. In Section 2, we describe the calculation of
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the ssDM decay spectrum induced by global symmetry breaking. In Section 3, we compare
the expected spectrum from decaying ssDM with observed spectrum from Fermi-LAT and
AMS-02, and give constraints on the nonminimal coupling strength between ssDM and
gravity. The discussion and conclusions are presented in Section 4.
2 Decay spectrum induced by global symmetry breaking
Catà et al. [12] considered that DM has a nonminimal coupling with gravity and whose
global symmetry is broken in curved space-time. In this paper, we focus on ssDM. In
Jordan Frame, the action S of system can be written as (2.1):
S =
∫
d4x
√−g[− R
2κ2
Ω2 + LSM + LDM ] (2.1)
where Ω2 = 1 + 2ξMκ2ϕ, R is the Ricci scalar, ξ is the coupling constant, and M is a
parameter with dimension one so that ξ is dimensionless. For convenience, we fix M =
κ−1. In addition, κ =
√
8piG is the inverse (reduced) Planck mass, ϕ represents ssDM,
LDM = Tϕ − V (ϕ,X) is the ssDM Lagrangian, LSM = TF + Tf + TH + LY − VH is the
Standard Model Lagrangian, g is the determinant of metric tensor gµν , G is the Newtonian
gravitational constant, φ denotes the Higgs doublet, Tϕ is the kinetic term of DM, V (ϕ,X) is
the DM potential, X denotes a Standard Model particle, ϕ is the ssDM field, /∇ = γaeµa∇µ,
∇µ = Dµ − i4ebν(∂µeνc)σbc with Dµ the gauge covariant derivative and eνc the vierbein,
TF = −14gµνgλρF aµλF aνρ is the kinetic term of a spin-one particle, Tf = i2 f¯
↔
/∇ f is the kinetic
term of a fermion, TH = gµν(Dµφ)†(Dνφ) is the kinetic term of the Higgs boson, LY is the
Yukawa interaction term, and VH is the Higgs potential.
Using conformal transformation, as shown in Eq. (2.2):
g˜µν = Ω
2gµν (2.2)
one can acquire action in Einstein Frame, which is shown as Eq. (2.3):
S =
∫
d4x
√
−g˜[− R˜
2κ2
+
3
κ2
Ω,ρΩ˜
,ρ
Ω2
+ L˜SM + L˜DM ] (2.3)
where:
L˜SM = T˜F + Ω−3T˜f + Ω−2T˜H + Ω−4(LY − VH) (2.4)
and L˜DM = Ωn−4T˜ϕ − V (ϕ,X)/Ω4. In these expressions, all tilded quantities are formed
from g˜µν .
Equation (2.4) indicates that DM ϕ could decay or annihilate into Standard Model
particles through gravity portals. Taylor expansion of Eq. (2.4) with respect to ξ shows
that the dominant term is the decay term, as shown in Eq. (2.5):
L˜SM,ϕ = −2κξϕ[3
2
T˜f + T˜H + 2(LY − VH)] (2.5)
Using Eq. (2.5), Catà et al. [19] gave vertex rules for DM decay, as shown in Table 1.
– 3 –
Table 1. Vertex rules for DM decay
terms from L˜sm,ϕ (2.5) physical process vertice rules
ξκmfiϕf¯ifi ϕ→ f¯i, fi iξκmfi
−3ξκϕYµf¯i(γaeµa)(afij − bfijγ5)fj ϕ→ Yµ, f¯i, fj −3iξκ(γaeµa)(afij − bfijγ5)
−ξκϕ[(∂µh)2 − 2m2hh2] ϕ→ h, h 2iξκ[p1µpµ2 + 2m2h]
−ξκϕ[2m2WWµ+W−µ +m2ZZµZµ] ϕ→ Yµ, Yν −2iξκm2Yµ g˜µν
−2ξκϕhv [2m2WWµ+W−µ +m2ZZµZµ] ϕ→ h, Yµ, Yν −4iξκ 1vm2Yµ g˜µν
−ξκϕh2
v2
[2m2WW
µ+W−µ +m2ZZ
µZµ] ϕ→ h, h, Yµ, Yν −4iξκ 1v2m2Yµ g˜µν
4ξκϕmfi f¯ifi
h
v ϕ→ h, f¯i, fi 4iξκ
mfi
v
2ξκ
m2h
v ϕh
3 ϕ→ h, h, h 12iξκm2hv
1
2ξκ
m2
v2
ϕh4 ϕ→ h, h, h, h 12iξκm2
v2
In the table, fi represents a fermion and index i includes all fermion flavours, Yµ repre-
sents a spin-one particle, afij and bfij can be obtained from the expansion of T˜f . Wµ
represents the W boson and Zµ represents the Z boson, h represents the Higgs boson,
v = 246.2 GeV is the Higgs vacuum expectation value, mYµ represents the mass of the
spin-one particle, mfi represents the mass of the fermion, mh represents mass of the
Higgs boson. The second column lists the decay channels. For example, ϕ → f¯i, fi
represents the channel through which DM ϕ decays into a pair of fermions.
Tanabashi et al. (Particle Data Group) [32] provided a detailed procedure to calculate
decay rates. These authors gave expressions for differential decay rates, e.g. Eq. (2.6),
relativistically invariant three-body phase space, e.g. Eq. (2.7), and relativistically invariant
four-body phase space, e.g. Eq. (2.10).
For the convenience of description, in the following, we mark the three product par-
ticles arising from three-body decay as particle 1, particle 2 and particle 3. We also use
nomenclature for the rest frame of particle i and particle j as Fij .
The expression of the differential decay rate is:
dΓ =
1
2mϕ
|M|2dΦ(n)(mϕ; p1, ..., pn) (2.6)
where Γ is the decay rate of ϕ in its rest frame, mϕ is mass of the DMP,M is the invariant
matrix element, Φ(n) is the n-body phase space, and pi is the four momentum of terminal
particle i. We also use the definitions pij = pi + pj , m2ij = p
2
ij , so that the element of three
body phase space dΦ(3) can be written as:
dΦ(3) =
1
2pi
dm212
1
16pi2
|~p∗1|
m12
dΩ∗1
1
16pi2
|~p3|
mϕ
dΩ3 (2.7)
where(|~p∗1|,Ω∗1) is the three momentum of particle 1 in F12, and Ω3 is the angle of particle 3
in the rest frame of the decaying particle. The symbol ∗ always denotes a quantity in F12.
The relationship between E3 and m12 is:
E3 =
m2ϕ +m
2
3 −m212
2mϕ
(2.8)
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where m3 and E3 are the mass and energy of particle 3, respectively. The energy spectrum
of particle 3 per decay in a channel with final state l can be calculated following Eq. (2.9):
dN l/dE3 =
∂Γl/∂E3
Γl
(2.9)
Using the vertex rules given in Table 1, and following Eqs. (2.6), (2.7), (2.8) and (2.9),
we numerically calculated the decay rate Γ and energy spectrum dN l/dE3. According to
translatable symmetry, dN l/dE1 and dN l/dE2 were also calculated, where E1 is the energy
of particle 1, E2 is the energy of particle 2.
As for four-body decay, there are three channels: ϕ → W+,W−, h, h; ϕ → Z,Z, h, h
and ϕ → h, h, h, h. We will consider ϕ → W+,W−, h, h here to illustrate our method of
calculation. In order to demonstrate the calculation of Γ and dN l/dE1 clearly, we regard
the W+ boson as particle 1 and the W− boson as particle 2, while the remaining two Higgs
bosons are particles 3 and 4. As before, we still denote the rest frame of particles i and j
as Fij .
The element of four-body phase space dΦ(4) can be written as:
dΦ(4) =
1
2pi
dm212
1
2pi
dm234
1
16pi2
|~p∗1|
m12
dΩ∗1
1
16pi2
|~p∗∗3 |
m34
dΩ∗∗3
1
16pi2
|~p12|
mϕ
dΩ12 (2.10)
where(|~p12|,Ω12) is the three momentum of p12, and (~p∗∗3 ,Ω∗∗3 ) is the three momentum of
particle 3 in F34. The symbol ∗∗ always denotes a quantity in F34. Using Eqs. (2.6) and
(2.10), we numerically calculated Γ and dN l/(dm12dm34), where dN l = dΓl/Γl. Then we
applied Lorentz transformations to |~p∗1| and E∗1 . We find that the isotropic spectrum of
particle 1 with momentum |~p∗1| in F12 has a spectrum described by Eq. (2.11) in the rest
frame of ϕ:
g(E1,m12) =
1
2
1
γ12β12|~p∗1|
Θ(E1 − E−)Θ(E+ − E1) (2.11)
where βij is the velocity of Fij relative to the decaying DMP, γij = (1 − β2ij)−1/2, E± ≡
γ12E
∗
1 ± γ12β12|~p∗1| and Θ(x) the Heaviside function.
The energy spectrum of particle 1 produced per decay in the channel with final state l
can be described by Eq. (2.12):
dN l
dE1
=
∫ ∫
g(E1,m12)
dN l
dm12dm34
dm12dm34 (2.12)
As before, according to translatable symmetry, dN l/dE2, dN l/dE3 and dN l/dE4 can
also be calculated, where E2, E3 and E4 represent the energy of particles 2, 3 and 4
respectively.
So far, we have obtained many spectra of stable and unstable particles, such as of
the Higgs boson, Z boson and neutrino. For comparison with observations, we calculated
the spectra of stable particles, including photons and positrons. Cirelli et al. [33] use the
Pythia codes to generate spectra of photons and positrons k(E,Eγ,e+) induced by a pri-
mary state particle with given energy E, where Eγ,e+ represents energy of the photon or
positron. The effect of QED and EW Bremsstrahlung are included when they used Pythia
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to generate k(E,Eγ,e+), while the effects of Inverse Compton processes or synchrotron ra-
diation are not included [33]. Then, the secondary photon or positron energy spectrum
produced per decay in a channel with final state l represented by dN l/dEγ,e+ was numeri-
cally calculated as:
dN l
dEγ,e+
=
∑
s
∫
k(Es, Eγ,e+)
dN l
dEs
dEs (2.13)
where s includes all final state particles in the channel with final state l. In the three-body
decay case, s runs from 1 to 3, while in the four-body decay case s runs from 1 to 4.
Finally, the spectra that could be detected by satellites are calculated via PPPC 4
DM ID [33]. In the following, we uniformly adopt the Navarro-Frenk-White (NFW) DM
distribution model
ρ(r) = ρs
rs
r
(1 +
r
rs
)−2 (2.14)
with parameters ρs = 0.184 GeV/cm3, rs = 24.42 kpc, where ρ(r) is energy density of DM.
The differential flux of positrons in space ~x and time t is given by dΦe+/dEe+(t, ~x,Ee+) =
ve+f/4pi where ve+ is the velocity of the positrons. The positron number density per unit
energy f obeys the diffusion-loss equation [33] [34]:
∂f
∂t
− O(K(Ee+ , ~x)Of)−
∂
∂Ee+
(b(Ee+ , ~x)f) = Q(Ee+ , ~x) (2.15)
where K(Ee+ , ~x) is the diffusion coefficient function which describe transport through the
turbulent magnetic fields. We adopt the customary parameterization K = K0(Ee+/GeV)δ =
K0δ with the parameters K0 = 0.0112 kpc2/Myr and δ = 0.70, which would result in a me-
dian (MED) final result [33]. b(Ee+ , ~x) is the energy loss coefficient function which describes
the energy loss due to several processes, such as synchrotron radiation and Inverse Comp-
ton scattering (ICS) off CMB photons, and/or infrared and optical galactic starlight, it is
provided numerically by PPPC 4 DM ID [33] in the form of Mathematica R© interpolating
functions. Q is the source term which can be expressed as
Q =
ρ(r)
mϕ
∑
l
Γl
dN le+
dEe+
(2.16)
The resulting differential flux of positrons in the Solar System is
dΦe+
dEe+
(Ee+ , r) =
ve+
4pib(Ee+ , r)
ρ
mϕ
∑
l
Γl
∫ mϕ/2
Ee+
dEs
dN le+
dEe+
(Es)I(Ee+ , Es, r) (2.17)
where r is the distance between the Solar System and the Galactic Center, and ρ is the
DM density at the Solar System. Es is the positron energy at production (s stands for
"source"), I(Ee+ , Es, r) is the generalized halo function, which is the Green function from
a source with positron energy Es to any energy Ee+ , and it is also provided numerically by
PPPC 4 DM ID [33] in the form of Mathematica R© interpolating functions.
The isotropic diffuse γ-ray background (IGRB) is measured by Fermi-LAT [28]. We
compared the γ-ray flux produced by DM with IGRB. The region of interest in our work
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only includes high-latitude regions (|b| > 20◦) because the analysis of the IGRB by Fermi-
LAT only includes high-latitude (|b| > 20◦) [28], where b is the galactic latitude.
Our calculation of gamma rays consists of two parts, direct ("prompt") decay from the
Milky Way halo and extragalactic gamma rays emitted by DM decay. Gamma rays from
Inverse Compton scattering (ICS) and synchrotron radiation are not included in our work.
The differential flux of photons from prompt decay of the Milky Way halo is calculated via
dΦγ
dEγdΩ
=
rρ
4pimϕ
J¯
∑
l
Γl
dN lγ
dEγ
(2.18)
where J¯(4Ω) = ∫4Ω JdΩ/4Ω is the averaged J factor of the region of interest, J =∫
l.o.s. ρ(r(s, θ))/(rρ)ds, r(s, θ) = (r
2+ s2− 2rscosθ)1/2 is the distance between the DM
and the Galactic Center, and θ is the angle between the direction of the line of sight (l.o.s.)
and the line connecting the Sun to the Galactic Center.
The extragalactic gamma rays received at a point with redshift z is calculated via [33]
dΦEGγ
dEγ
(Eγ , z) =
c
Eγ
∫ ∞
z
dz′
1
H(z′)(1 + z′)
(
1 + z
1 + z′
)3
1
4pi
ρ¯(z′)
mϕ
∑
l
Γl
dN lγ
dE′γ
(E′γ)e
−τ(E′γ ,z,z′)
(2.19)
where H(z) = H0
√
Ωm(1 + z)3 + (1− Ωm) is the Hubble function, ρ¯(z) = ρ¯0(1 + z)3 is
the average cosmological DM density and ρ¯0 ' 1.15 × 10−6 GeV/cm3, τ(E′γ , z, z′) is the
optical depth, which is also provided numerically by PPPC 4 DM ID [33] in the form of
Mathematica R© interpolating functions. τ(E′γ , z, z′) describes the absorption of gamma
rays in the intergalactic medium between the redshifts z and z′. The three absorption
model is provided by PPPC 4 DM ID [33] (no ultraviolet, minimal ultraviolet and maximal
ultraviolet), where we choose to use the minimal ultraviolet (minUV) model. We calculated
the Hubble function in the ΛCDM cosmology with a pressure-less matter density of the
universe Ωm = 0.27, dark energy density of the universe ΩΛ = 0.73 and scale factor for
cosmological constant h = 0.7.
Although all decay channels are open when the DM mass is above 431.375 GeV, the
decay rate of DM is dominated by channels ϕ → f, f ;ϕ → W+,W−;ϕ → Z,Z;ϕ →
h, h;ϕ → q, q, g;ϕ → f, f,W ;ϕ → f, f, Z; ϕ → W+,W−, h, h; ϕ → Z,Z, h, h; ϕ →
h, h, h, h around the GeV–TeV range [12]. Therefore, only these channels were included in
our numerical calculations.
3 Results
Based on the procedure outlined in Section 2, the photon flux and the positron flux arising
from DMP decay, and which would be detected in the Solar System, were calculated.
Figures 1 and 2 show two specific examples of our calculated photon and positron fluxes,
respectively. In Fig 1, we considered the case of ξ = 2.5 × 10−11, and plotted three cases
of photon flux predicted by the decay of dark particles with masses of 50 GeV, 246 GeV
and 5 TeV. The IGRB observed by Fermi-LAT is also shown for reference. The photon
flux produced by the 50 GeV DMP is at least four orders of magnitude smaller than IGRB.
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mφ = 5 TeV
mφ = 246 GeV
mφ = 50 GeV
fitting curve of Fermi-LAT
Fermi-LAT
10 100 1000 104
10-17
10-13
10-9
10-5
γ-ray energy in GeV
dΦ γ/d
E γdΩ
in
[GeV
cm
2
s
sr
]-1
Figure 1. Predicted isotropic photon flux from decaying DMPs with masses of 50 GeV,
246 GeV and 5 TeV when ξ = 2.5 × 10−11. Fermi-LAT observations of the IGRB are also
shown.
mφ = 5 TeV
mφ = 246 GeV
mφ = 50 GeV
fitting curve of AMS-02
AMS-02
10 100 1000 104
10-15
10-11
10-7
10-3
positron energy in GeV
dΦ e+ /d
E e
+ dΩi
n
[GeV
cm
2
s
sr
]-1
Figure 2. Predicted positron flux from decaying DM with masses of 50 GeV, 246 GeV and
5 TeV when ξ = 2.5× 10−11. AMS-02 observations of positron flux are also shown.
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The predicted photon flux from a decay DMP of the typical energy of the electroweak scale
(246 GeV) is at least 1.5 orders of magnitude smaller than the observations. This means that
the parameter combinations (ξ = 2.5 × 10−11,mϕ = 50 GeV) and (ξ = 2.5 × 10−11,mϕ =
246 GeV) are not excluded by the most sensitive gamma-ray observations obtained to date.
For the photons produced by the 5 TeV DMP decay, the photon flux is at least 3.5 orders
of magnitude larger than the IGRB measured by Fermi-LAT. The parameter combination
(ξ = 2.5× 10−11,mϕ = 5 TeV) is excluded by Fermi-LAT’s observations.
In Fig. 2, one can see that the positron flux from the decay of a DMP with a mass
of 50 GeV is at least four orders of magnitude smaller than the observations. As this
positron flux does not exceed the flux measured by AMS-02, the parameter combination
(ξ = 2.5 × 10−11,mϕ = 50 GeV) is not excluded. The situation is the same for the
246 GeV DMP, where the predicted positron flux is at least two orders of magnitude smaller
than the detected cosmic ray positron flux. Thus, the parameter combination (ξ = 2.5 ×
10−11,mϕ = 246 GeV) is also allowed by the observations of AMS-02. When assuming that
the positron flux was produced by a 5 TeV DMP decay, the positron flux was about three
orders of magnitude larger than that measured by AMS-02. This means that the parameter
combination (ξ = 2.5× 10−11,mϕ = 5 TeV) can be excluded by the AMS-02 data.
The two variables of nonminimal coupling constant of DM and gravity ξ and the mass of
DM mϕ determine the exclusion range of their two-dimensional parameter space, as shown
in Fig. 3. The shadowed area above the dashed line is the excluded region of parameter
space (ξ,mϕ) as constrained by Fermi-LAT. The shadowed area above the dotted line is
the parameter space (ξ,mϕ) excluded by AMS-02. For comparison, a conservative excluded
parameter space from observations of the cosmic neutrino flux [12] [19] is shown by the
shadowed area above the dot-dashed line. In addition, we also plotted the line for ΛEW =
246 GeV, which represents the typical energy of the electroweak scale. It is clear that when
the mass of the DMP is around the electroweak scale, a nonminimal coupling parameter ξ
greater than 1.5× 10−10 can be excluded.
4 Discussion and Conclusions
Global symmetry can guarantee the stability of ssDM particles. However, nonminimal
coupling between ssDM and gravity can destroy their global symmetry, hence leading to
their decay.
In this study we set constraints on the symmetry breaking strength of ssDM particles
using the most sensitive observations of photons and cosmic rays respectively made by
Fermi-LAT and AMS-02. The results show that the larger the mass of the ssDM particle,
the stronger the limitation of the indirect detection. This behaviour is attributed to the
fact that a ssDM particles with a larger mass has more decay channels and hence a larger
phase space.
Different to the previous work by [26], the mass range of ssDM particles considered
in our study is around the GeV–TeV range. Near this scale, the decay channels are more
abundant and the phase space is larger. In the work by Catà et al. [26], the nonminimal
coupling strength between ssDM and gravity larger than 10−6 could be excluded assuming
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AMS-02
Fermi-LATν telescopesΛEW = 246 GeV
10 100 1000 104 105
10-17
10-15
10-13
10-11
10-9
10-7
dark matter mass in GeV
ξ
Figure 3. The ξ −mϕ plane. The shadowed regions are regions excluded by observation
of the IGRB by Fermi-LAT and the cosmic-ray positron spectrum obtained by AMS-02.
The typical electroweak scale is marked by the line ΛEW = 246 GeV. For comparison, a
conservative excluded parameter space from observations of the cosmic neutrino flux [12] [19]
is shown by the shadowed area above the dot-dashed line.
that the mass of the ssDM particle is 1 GeV. In our work the nonminimal coupling parameter
ξ greater than 1.5× 10−10 can be excluded assuming that the mass of the ssDM is around
the electroweak scale (246 GeV). The mass region analyzed here contains abundant decay
channels that MeV scale doesn’t have, so the analysis of the extent to what the global
symmetry of ssDM is broken under the influence of gravity is more comprehensive. Our
work confirms Catà et al.’s conclusion in GeV–TeV range that the exclusion of large regions
of the parameter spaces means an additional stabilizing symmetry should be in place.
The DAMPE detector was designed to run for at least three years, and the energies
measured in the future may be up to about 10 TeV [30]. The Large High Altitude Air
Shower Observatory (LHAASO) also will be able to detect γ-ray signals from DM particles
of PeV-EeV masses decaying on the time scale up to 3 × 1029 s.1 These missions suggest
that future data obtained by DAMPE and LHAASO can be used to further investigate the
impact of gravity on the global symmetry of DM.
1 A.Neronov, D.Semikoz, arXiv:2001.11881
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